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National  biomonitoring  program  can  offer  solid  scientiﬁc  evidence  on  exposure  proﬁles  of environmental
chemicals  at  a national  level,  and provide  a snapshot  of  changing  exposure  level  over  time.  Therefore,
several  countries  have  maintained  such programs  for  developing  environmental  health  policies.  The
Korean  National  Environmental  Health  Survey  (KoNEHS)  was  designed  to understand  the  level of human
exposure  to  environmental  chemicals  by  time  and  location,  and  to  identify  possible  sources  of  such  expo-
sure.  The  2nd  stage  of  KoNEHS,  which  was  conducted  between  2012  and  2014,  examined  a  total  of  6478
adult  subjects  over  19 years  of  age,  and  measured  21  environmental  chemicals  of  major  policy concern.
Compared  to  the ﬁndings  from  the  ﬁrst  stage  monitoring  (2009–2011),  slightly  higher levels  of  blood
lead  were observed,  while  those  of  mercury  remained  similar.  Blood  metal  concentrations,  however,
were  higher  than  those  reported  from  national  biomonitoring  programs  of United  States,  Germany  and
Canada. The  urinary  concentrations  of  phthalates  metabolites  were  lower,  but those  of t,t-muconic  acid
and  BPA  were  higher  than  those  reported  in  the  ﬁrst stage survey.  The  urinary  cotinine  level  decreased
perhaps  reﬂecting  general  declining  patterns  of ﬁrst-  and  second-hand  smoking.  The  results  of  the  second
stage  survey  were  made  available  for public  use  since  April  2016.
Some policy  efforts  appear  to  be at least  in part effective  on mitigating  chemical  exposure  among  people,
e.g.,  urinary  phthalate  metabolites  and  cotinine,  while  further  conﬁrmations  are warranted.  In-depth
assessments  will  be  conducted  to  identify  vulnerable  groups  and  important  exposure  pathways.
© 2016  The  Authors.  Published  by  Elsevier  GmbH.  This  is an  open  access  article  under  the CC. Introduction
Human Biomonitoring (HBM) of environmental chemicals is a
seful measure to understand exposure proﬁles among people.
ational HBM programs can provide proﬁles of chemical expo-
ure and their temporal trends that are representative at country
evel. In addition, depending on the design, national HBM pro-
rams can also be used to identify environmental health problemsPlease cite this article in press as: Choi, W.,  et al., Expo
updates from the second Korean National Environmental Healt
http://dx.doi.org/10.1016/j.ijheh.2016.10.002
nd their causes. Several countries, e.g., United States, Germany
nd Canada, have developed and conducted national HBM pro-
rams. In the United States, for example, hundreds of chemicals
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.0/).BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
have been measured from the general population through National
Health and Nutrition Examination Survey (NHANES). In the United
States, another survey, National Human Exposure Assessment Sur-
vey (NHEXAS) has been conducted in order to identify major
exposure sources (CDC, 2015; Pellizzari et al., 1995). In Germany,
a series of the German Environmental Survey (GerES) has been
carried out since 1985, with an emphasis not only on exposure
levels but also determinants of exposure, which then can be pos-
sibly applied to the development of environmental health policy
(UBA, 2016a). In the similar vein, Canada has developed, Canadian
Health Measures Survey (CHMS), which has been conducted for
three cycles since 2007 (Health Canada, 2015).
In Korea, according to the Article14 of the Environmental Healthsure to environmental chemicals among Korean adults-
h Survey (2012–2014). Int. J. Hyg. Environ. Health (2016),
Law and the Ten-Year Environmental and Health Plan (National
Institute of Environmental Research, 2011a,b, 2013, 2014a, 2014b),
the Korean National Environmental Health Survey (KoNEHS) and
le under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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Table 1
Clinical laboratory test items.
Classiﬁcation Number of tested items Items
General chemistry 4 AST (SGOT), ALT
(SGPT), -GTP,
Creatinine
Hematology 5 WBC, RBC, PLT, Hb, HCT
Lipids 4 Cholesterol, HDL, TG,
Total lipidARTICLEJHEH-12992; No. of Pages 7
 W.  Choi et al. / International Journal of Hygie
nvironmental Exposure and Health Survey in Children and Ado-
escents (KorEHS-C) were implemented, and examined the level of
xposure to environmental chemicals and their associations with
ealth conditions. The KoNEHS aims to monitor trends in exposure
o environmental chemicals and to identify major determinants of
xposure. Currently, the survey has been conducted on a triennial
asis from 2009 and completed its ﬁrst and second stage surveys,
ith the original data of the ﬁrst monitoring (2009–2011) which
as already been published online for public use. The KorEHS-C was
esigned as a part of preliminary survey for KoNEHS; nationally and
egionally representative children and adolescents of age between
 and 18 years were selected and investigated for exposure level
o major environmental chemicals and for general health condi-
ions since 2012 for three years (Park et al., 2016a,b; Burm et al.,
016). The results and experiences of KorEHS-C were reﬂected in
esigning the third stage of KoNEHS which was initiated from 2015.
In the second stage survey (2012–2014), about 6000 adults
f over 19 years of age from 400 sampling districts were sys-
ematically chosen, and were assessed for the general level of
xposure to environmental chemicals, demographic and lifestyle
haracteristics, and certain clinical measure (National Institute of
nvironmental Research, 2012a). In this paper, we aim to present
he levels of major environmental chemicals among Korean adults
nd to compare with those reported from the ﬁrst stage survey.
. Data and method
.1. Study design
The second stage of the KoNEHS followed the same sampling
trategy to assure comparability with those from the ﬁrst stage
oNEHS, while to obtain nationally representative sample. Based
n the 2010 Population and Household Census by Korea National
tatistical Ofﬁce, we ﬁrst stratiﬁed the samples based on geogra-
hy using administrative districts and geographic (costal) stratum
National Institute of Environmental Research, 2012a).
The second stratiﬁcation was based on the proportion of res-
dential complex areas and of residents involved in primary
anufacturing such as farming and ﬁshing, which are closely linked
o socio-economic status. In addition, 42 areas were chosen which
ad air pollution monitoring stations. As these areas were also
ncluded in the ﬁrst stage, temporal changes relative to the ﬁrst
tage ﬁndings could be captured.
To prevent the over-sampling of the urban residents of heav-
ly populated areas, the sampling units were drawn proportional
o the square root of the population size of the stratum. Accord-
ngly, we chose total 400 sampling districts—358 general districts
nd 42 biased (pre-selected for air pollution monitoring data)
istricts—and systematically selected a representative household
n each stratum in a way that about 15 subjects per stratum were
nterviewed. As seasonal variations in the concentration of envi-
onmental chemicals were observed from the ﬁrst stage survey, the
econd stage survey was conducted between June 2012 and May
014 to incorporate possible variations by season.
.2. Recruitment of subjects and survey procedure
National Institute of Environmental Research of Korea served
s a main hub, in collaboration with special task-force research
eams consisting of related experts in each stage of the survey;
hese speciﬁc research teams were responsible for (1) recruitingPlease cite this article in press as: Choi, W.,  et al., Expo
updates from the second Korean National Environmental Healt
http://dx.doi.org/10.1016/j.ijheh.2016.10.002
otential respondents and conﬁrming the selected household pro-
le, (2) running the survey in the ﬁeld while collecting the blood
nd urine samples, (3) delivering, splitting, and preserving the col-
ected samples and conducting clinical tests, and (4) analyzing thePlasma protein 2 IgE, 2-MG
Endocrine hormones 4 FSH, T3, T4, TSH
environmental chemicals in biological samples. The same teams
and organization were maintained throughout the survey to assure
consistency and comparability of survey processes and responses
over the survey period.
To recruit subjects, we  ﬁrst chose easily accessible locations
after consulting with the community center ofﬁcer in a respective
sampling district. A ﬁnal list of potential subjects was  completed
after a ﬁeld recruiting ofﬁcer conﬁrmed the list of households reg-
istered on the Statistics Korea and marked their locations on the
map. The sample household was  selected after aforementioned
stratiﬁed sampling process. The interviewer visited the selected
households, explained the survey objectives and procedure, and
asked for subjects’ consent to participate. Written informed con-
sents were obtained from all the participating subjects (National
Institute of Environmental Research, 2012b).
The ﬁeld survey team consisted of an interviewer and a trained
phlebotomist. The on-site interview proceeded with a general
physical check-up. Under the supervision of the doctor, the phle-
botomist collected about 23 mL  blood and 80 mL  of urine sample
from the subjects. The twenty-minute questionnaire consisted of
10 categories with total 142 items inquired into subjects’ demo-
graphics, socioeconomic backgrounds, in/outdoor environment,
modes of transportation and recent life styles (National Institute
of Environmental Research, 2012c).
2.3. Clinical laboratory test and environmental chemical analysis
The second stage survey included health related tests that exam-
ined clinical markers of liver, kidney, and the endocrine system (See
Table 1). The target environmental chemicals were chosen based
on the ﬁrst stage results. These chemicals, included 21 chemicals
such as three heavy metals, four polycyclic aromatic hydrocar-
bons (PAHs), ﬁve volatile organic compounds (VOCs) metabolites,
ﬁve phthalate metabolites, two environmental phenols, pyrethroid
pesticide metabolites, and environmental tobacco smoke metabo-
lites (Table 2).
Several chemicals such as some PAHs metabolites and triclosan,
were included in the second survey considering their exposure
among general population. Urinary total arsenic was dropped from
the analytical list. Inorganic arsenic will be added in the list in the
future.
Blood Pb and urinary Cd were measured by graphite furnace
atomic absorption spectrometry (Analyst 800, PerkinElmer). Total
mercury in blood and urine were analyzed by ﬂow injection cold-
vapor atomic absorption spectrometry (DMA-80, Milestone). The
metabolites of phthalates, environmental phenols (Xevo TQ-S,
Waters) and hippuric acid (Flexar SQ300, PerkinElmer) were ana-
lyzed using a UPLC–MS/MS. The metabolites of VOCs except for
hippuric acid were determined by HPLC–MS/MS (Agilent 6420, Agi-
lent). The metabolites of PAHs (Clarus 680T, PerkinElmer), 3-PBAsure to environmental chemicals among Korean adults-
h Survey (2012–2014). Int. J. Hyg. Environ. Health (2016),
(Clarus 600T, PerkinElmer) and urinary cotinine were determined
by GC–MS. Details of the methods were described elsewhere
(National Institute of Environmental Research, 2015a,b).
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Table  2
Comparison of chemicals analyzed between the 1st and the 2nd stage survey.
Classiﬁcation 1st stage 2nd stage
Category Chemicals Analytical
Technique
Replicated Items Changes Analytical
Technique
Newly Added Items Dropped Items
Metals Blood Pb GF AAS O GF-AAS
Blood/Urinary Hg Gold amalgamation
direct mercury
analyzer
O Gold amalgamation
direct mercury
analyzer
Urinary Cd GF AAS O GF-AAS
Urinary As HG-AAS O
Blood Mn GF-AAS O
VOCs
Metabolites
(Urine)
Hippuric acid HPLC–MS O UPLC–MS
t,t-muconic acid HPLC–MS/MS O HPLC–MS/MS
Mandelic acid HPLC–MS/MS O
Phenylglyoxylic acid O
Methylhippuric acid O
PAHs Metabolites
(Urine)
1-Hydroxypyrene GC–MS O GC–MS
2-Naphthol O
1-Hydroxyphenanthrene
2-Hydroxyﬂuorene
Phthalates
Metabolites
(Urine)
MEOHP, MEHHP, MnBP HPLC–MS/MS O UPLC–MS/MS
MECPP, MBzP
Environmental
Phenols (Urine)
Bisphenol A HPLC–MS/MS O UPLC–MS/MS
Triclosan
Pyrethroid 3-PBA GC–MS O GC–MS
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ETS  Metabolites Cotinine GC–MS O 
.4. Quality assurance/control and follow-up
Sample treatment procedures and protocols were standardized.
iological samples were delivered to the clinical within 24 h after
ollection in cold condition (2–6 ◦C) and were split before further
rocessing. During transfer, the thermometric data logger was  used
o check real-time temperature change of the biological samples
uring delivery, and the GPS tracking system was used to track the
elivery path to prevent possible sample loss. The split samples
ere analyzed for target chemicals, following quality control pro-
edures established by respective institutions (National Institute
f Environmental Research, 2012d). We  participated in the quality
ontrol program run by the Korean Association of Quality Assurance
or Clinical Laboratory (KSLM) and College of American Pathologists
CAP). In addition, we took part in the German External Quality
ssessment Scheme for Analysis of heavy metals (blood Pb and Hg,
rinary Hg and cadmium) and organic chemicals (5 VOC metabo-
ites, 2 PAH metabolites, 5 phthalate metabolites, bisphenol-A,
-PBA, and cotinine) in Biological Materials (G-EQUAS) twice per
ear. To ensure the interval validity of the analysis of biological
aterials, we established a code of conduct regarding the method
etection limit (MDL), accuracy and precision per batch in advance.
In collaboration with the Statistics Korea, we  fully utilized the
ara Statistics (a government-run data management system) to
nput data and to computerize the entire data management process
hat maintained the quality of systematic survey. For ﬁeld ofﬁcersPlease cite this article in press as: Choi, W.,  et al., Expo
updates from the second Korean National Environmental Healt
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ho recruit subjects, collect biological samples, and conduct inter-
iew, we offered educational training in addition to on-site training.
hey were evaluated based on total 36 criteria regarding the overall
xecution of the survey.GC–MS
Among the participating subjects, we selected 200 respondents-
, i.e., 3.3% of the total samples, – to inquire on their satisfactions
with the overall survey procedure and investigate the accuracy of
the survey responses. This survey was  made within a window of
two-week time, via telephone interview. If rooms to improve were
identiﬁed based on the phone survey, we  revised the survey as
necessary.
2.5. Statistical analysis
The concentrations of environmental chemicals were log-
transformed, and analyzed using the survey means procedure after
accounting for stratiﬁcation variables and survey sample weight.
For each chemical, the sample N, arithmetic mean (AM), geometric
mean (GM), and its 95% conﬁdence intervals and quantiles were
reported. When the concentrations were less than detection limit
and followed a lognormal distribution, the GM was calculated by
dividing the value less than MDL  by square root of 2 (CDC, 2015).
When the values less than detection limit were more than 40% of
the total measured values, we reported its proportion and the val-
ues greater than the MDL  (Health Canada, 2015). Creatinine results
of urine samples with less than 0.3 g/L and greater than 3 g/L were
excluded from statistical analysis, and we reported both corrected
and non-corrected values. Statistical analysis was  carried out using
SAS software, version 9.3.sure to environmental chemicals among Korean adults-
h Survey (2012–2014). Int. J. Hyg. Environ. Health (2016),
3. Results and discussion
In the second stage survey, among the people initially con-
tacted (n = 10,438), a total of 6578 (62.1%) either completed the
ARTICLE ING ModelIJHEH-12992; No. of Pages 7
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Table  3
Demographic characteristics of participants in the 2nd stage of KoNEHS.
Sample size %
Total 6478 100
Gender
Male 2774 42.8
Female 3704 57.2
half
Age(years)
19–29 537 8.3
30–39 1056 16.3
40–49 1226 18.9
50–59 1439 22.2
60–69 1335 20.6
70+ 885 13.7
Residence region
Urban 5099 78.7
Rural 485 7.5
Coastal 228 3.5
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consumption has declined in a steady fashion, with its level fallen
T
AAPM 666 10.3
PM: Regions with air pollution monitoring stations.
urvey questionnaire or agreed to offer biological samples (Table 3).
e collected 6457 blood (61.9%) and 6470 urine (62.0%) sam-
les. Compared to the ﬁrst stage survey (75.9%), the response rates
ave decreased by 12.8%. The sample included 3704 female (57.2%)
nd 2774 male subjects (42.8%). Certain age groups were over-
epresented, with a proportion of the subjects aged 50–60 higher
han that of those who aged 20. The proportion of the older groups
ver age 50 was higher compared to the ﬁrst round survey, which
ay  due to population ageing in Korea (Lim, 2011).
.1. Metals
The concentrations of metals are summarized in Table 4. Com-
ared to the ﬁrst stage results, the geometric mean of blood metals
ostly remained similar or slightly increased, while urinary metal
oncentrations have generally decreased. When compared to other
ountries, the GM of blood lead and mercury concentrations among
orean adults were higher than those of Germany (GerES), United
tates (NHANES) and Canada (CHMS), while urinary mercury and
admium concentrations were relatively high in the similar range.
The GM of blood lead concentrations was 1.94 g/dL, withPlease cite this article in press as: Choi, W.,  et al., Expo
updates from the second Korean National Environmental Healt
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.28 g/dL in male and 1.66 g/dL in females. Compared to the ﬁrst
tage result (1.77 g/dL), the blood lead levels have increased. In
ight of their variations over the past decade, however the observed
ncrease was still within the predictable range of change (Park et al.,
able 4
rithmetic (AM), geometric means (GM) and selected percentiles of metals (ug/L).
Chemicals Gender Matrix N %<LOD AM 
Lead (ug/dL) Total Blood 6455 0.02 2.19 
Male Blood 2766 0.04 2.52 
Female Blood 3689 0.11 1.86 
Mercuryb Total Blood 6457 0.02 3.84 
Male Blood 2768 0.04 4.52 
Female Blood 3689 0.0 3.18 
Mercury Total Urine 6470 0.02 0.52 
Male Urine 2769 0.04 0.54 
Female Urine 3701 8.13 0.50 
Cadmium Total Urine 6469 0.02 0.51 
Male Urine 2769 0.04 0.50 
Female Urine 3700 2.22 0.52 
a 5% CI = 95% conﬁdence interval.
b Total mercury. PRESS
d Environmental Health xxx (2016) xxx–xxx
2016a,b). Nevertheless, it is to be noted that the blood lead concen-
tration levels were higher than those of the United States (NHANES
2011–2012) (CDC, 2015) and Canada (CHMS 2012–2013) (Health
Canada, 2015). The reasons for higher blood lead levels among
Korean population compared to other countries are not clear and
warrant further investigation.
The blood mercury concentration was  3.11 g/L, a level compa-
rable to the ﬁrst stage result (3.08 g/L), and measured as 3.70 g/L
and 2.63 g/L for male and female subjects, respectively. The pro-
portion of subjects whose exposure levels exceeded HBM-I level
(5 g/L) by the German human biomonitoring commission was
3.3%, and those exceeded HBM-II level (15 g/L) was 0.6%. Blood
mercury levels show a decrease relative to the ﬁrst stage result
(Park et al., 2016a,b; UBA, 2016b). The blood mercury concen-
trations were higher than those of the United States (NHANES
2011–2012) and Canada (CHMS 2012–2013) (CDC, 2015; Health
Canada, 2015), but were lower than those of Japan (2011–2015) and
Fok et al. (2007) (Park et al., 2016a,b; Fok et al., 2007). These two
Asian countries are either island or seaside country, and share simi-
lar seafood consumption habits. According to the analysis results of
risk factors for those who  exceeded the HBM II (data is not shown),
mercury levels were higher in men  (3 times than women), those
who live in coastal areas (2 times than in those living near air
quality monitoring stations) and those who more frequently con-
sume small ﬁsh (3.9 times in those who consume on a daily basis
than the rest). Seafood diet as food culture has been identiﬁed as
a major route of blood mercury exposure among the Korean pop-
ulation. Regulatory standards on mercury levels have not yet been
established, but concerted actions among Government ministries
are warranted to develop measures for reducing its exposure.
The urinary mercury concentrations have decreased from
0.534 g/L (ﬁrst stage result) to 0.382 g/L. While the blood
mercury level was  higher in Korea, the urinary mercury level
was similar to that of the United States (NHANES 2011–2012)
(CDC, 2015). Urinary cadmium concentration also decreased from
0.580 g/L (ﬁrst stage) to 0.376 g/L. The 28.2% of the total sub-
jects exceeded the HBM I (1 g/L) and 1.4% exceeded the HBM
II (4 g/L). Those who exceeded HBM I and HBM II decreased by
14.9% and 13.3%, respectively, compared to the ﬁrst stage result.
Rice is one of the major sources of cadmium intake among Koreans
(Park et al., 2016a,b; Lee et al., 2012). According to the recently pub-
lished government statistics (Statistics Korea), the per capita ricesure to environmental chemicals among Korean adults-
h Survey (2012–2014). Int. J. Hyg. Environ. Health (2016),
by more than half compared to the level of 1985 (Statistics Korea,
2016). As urinary cadmium concentrations measure the average in
accumulated exposure over time, we suspect that observed changes
Percentile
GM (95% CIa) 1st GM 25th 50th 75th 95th
1.94 (1.89–1.99) 1.77 1.43 1.97 2.65 4.09
2.28 (2.22–2.35) 2.16 1.73 2.27 3.01 4.53
1.66 (1.61–1.70) 1.46 1.24 1.68 2.27 3.39
3.11 (3.02–3.21) 3.08 2.02 3.05 4.69 9.05
3.70 (3.57–3.84) 3.65 2.47 3.65 5.49 10.2
2.63 (2.54–2.72) 2.62 1.75 2.53 3.83 7.11
0.38 (0.37–0.40) 0.53 0.25 0.40 0.62 1.27
0.41 (0.39–0.43) 0.56 0.27 0.42 0.65 1.28
0.36 (0.34–0.38) 0.51 0.23 0.38 0.58 1.25
0.38 (0.36–0.39) 0.58 0.24 0.40 0.65 1.36
0.39 (0.37–0.40) 0.55 0.25 0.40 0.64 1.29
0.37 (0.35–0.39) 0.61 0.23 0.39 0.65 1.46
Please cite this article in press as: Choi, W.,  et al., Exposure to environmental chemicals among Korean adults-
updates from the second Korean National Environmental Health Survey (2012–2014). Int. J. Hyg. Environ. Health (2016),
http://dx.doi.org/10.1016/j.ijheh.2016.10.002
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Table  5
AM, GM and selected percentiles of urinary metabolites of organic chemicals (ug/L).
Percentile
Chemicals Gender N %<LOD AM GM (95% CI) 1st GM 25th 50th 75th 95th
VOCs metabolites
t,t-muconic acid Total 6376 0.28 102 58.8(56.0–61.7) 40.8 30.2 57.7 118 327
Male  2736 0.22 114 68.8(65.0–72.9) 49.9 36.6 70.1 134 358
Female  3640 0.33 90.1 50.4(47.5–53.5) 33.7 25.2 48.5 96.1 306
Hippuric  acid (g/L) Total 6398 0.75 0.23 0.12(0.12–0.13) 0.14 0.06 0.15 0.30 0.72
Male  2743 0.91 0.22 0.11(0.10–0.12) 0.13 0.06 0.14 0.30 0.67
Female  3655 0.63 0.25 0.13(0.12–0.14) 0.16 0.08 0.16 0.30 0.77
Methylhippuric
acid
(mg/L)
Total  6290 0.29 0.62 0.23(0.22–0.25) 0.31 0.11 0.22 0.49 1.75
Male  2720 0.11 0.88 0.33(0.30–0.36) 0.47 0.14 0.30 0.79 2.40
Female  3570 0.42 0.38 0.17(0.16–0.18) 0.21 0.09 0.17 0.33 0.89
Mandelic  acid (mg/L) Total 6389 0.03 0.26 0.15(0.15–0.16) 0.21 0.08 0.16 0.28 0.64
Male  2741 0.0 0.33 0.18(0.17–0.20) 0.26 0.10 0.19 0.33 0.78
Female  3648 0.05 0.20 0.13(0.12–0.14) 0.18 0.07 0.14 0.23 0.49
Phenylglyoxylic  acid (mg/L) Total 6387 0.08 0.28 0.16(0.15–0.17) 0.22 0.08 0.17 0.33 0.79
Male  2740 0.04 0.34 0.19(0.17–0.20) 0.27 0.09 0.21 0.39 0.93
Female  3647 0.11 0.23 0.13(0.12–0.14) 0.18 0.07 0.15 0.26 0.64
PAHs  metabolites
1-Hydroxypyrene Total 6418 2.88 0.23 0.15 (0.14–0.16) 0.11 0.09 0.15 0.26 0.62
Male  2745 1.89 0.26 0.18 (0.17–0.19) 0.14 0.10 0.18 0.31 0.68
Female  3673 3.62 0.20 0.13 (0.12–0.14) 0.09 0.08 0.13 0.21 0.53
2-Naphthol  Total 6410 1.20 5.29 2.22 (2.10–2.34) 2.99 0.89 2.07 5.77 20.3
Male  2750 0.73 6.65 3.02 (2.81–3.25) 4.35 1.15 3.10 8.66 23.4
Female  3660 1.56 3.97 1.64 (1.54–1.76) 2.09 0.73 1.56 3.73 14.8
1-hydroxyphenanthrene a Total 6413 21.0 0.14 0.10 (0.09–0.10) – 0.05 0.09 0.16 0.36
Male  2746 17.1 0.15 0.11 (0.10–0.11) – 0.06 0.11 0.19 0.40
Female  3667 23.9 0.13 0.09 (0.08–0.09) – 0.05 0.08 0.14 0.33
2-hydroxyﬂuorenea Total 6397 7.10 0.55 0.27 (0.25–0.28) – 0.12 0.26 0.59 1.95
Male  2735 4.31 0.78 0.40 (0.37–0.43) – 0.17 0.39 1.06 2.45
Female  3662 9.18 0.32 0.18 (0.17–0.19) – 0.09 0.18 0.35 1.01
Phthalates  metabolites
MEOHP Total 6392 0.16 18.2 12.1(11.6–12.6) 15.5 7.27 13.0 22.1 47.9
Male  2740 0.15 18.0 12.2(11.6–12.8) 15.8 7.69 13.2 21.9 45.8
Female  3652 0.16 18.4 12.0(11.4–12.6) 15.2 6.92 12.5 22.3 49.5
MEHHP  Total 6406 0.14 26.4 17.5 (16.7–18.2) 20.6 10.3 18.7 31.7 71.7
Male  2745 0.18 27.2 18.4(17.4–19.3) 21.8 11.1 19.8 32.2 73.1
Female  3661 0.11 25.7 16.6(15.8–17.5) 19.6 9.40 17.5 31.3 70.3
MECPPa Total 6406 0.05 28.2 20.1(19.4–20.9) – 12.2 20.9 34.4 70.2
Male  2745 0.07 28.1 20.5(19.6–21.5) – 13.2 21.7 34.4 67.8
Female  3661 0.03 28.4 19.7(18.9–20.7) – 11.6 20.0 34.4 74.7
MnBP  Total 6358 0.27 38.6 23.6(22.3–25.1) 44.7 13.1 24.9 44.2 106
Male  2723 0.26 39.9 24.7(23.1–26.4) 48.2 13.9 26.0 45.6 111
Female  3635 0.28 37.4 22.7(21.2–24.2) 41.5 12.4 23.5 43.3 103
MBzPa Total 6252 2.32 5.66 2.82(2.63–3.02) – 1.32 2.80 5.84 19.3
Male  2691 1.86 5.81 3.05(2.83–3.30) – 1.45 3.05 6.35 19.5
Female  3561 2.67 5.52 2.60(2.41–2.81) – 1.21 2.54 5.40 19.0
Environmental  Phenols
Bisphenol A Total 6263 10.0 2.78 1.09 (1.02–1.16) 0.75 0.48 1.12 2.53 8.18
Male  2685 9.57 3.18 1.14(1.05–1.22) 0.81 0.50 1.17 2.62 8.72
Female  3578 10.3 2.40 1.05(0.97–1.13) 0.69 0.46 1.07 2.40 7.68
Triclosan a,b Total 6288 59.5 – – – <LOD <LOD 1.37 48.0
Male  2692 61.6 – – – <LOD <LOD 1.23 49.4
Female  3596 58.0 – – – <LOD <LOD 1.53 43.7
Pyrethroid  Pesticides metabolites
3-PBA Total 6402 0.03 2.65 1.41(1.34–1.48) 1.47 0.72 1.46 2.87 8.43
Male  2749 0.07 2.61 1.41(1.33–1.49) 1.47 0.73 1.44 2.81 7.87
Female  3653 0.0 2.69 1.41(1.33–1.50) 1.48 0.71 1.48 2.96 9.36
Environmental  Tobacco Smoke metabolites
Cotinine Total 6409 10.50 270 5.47(4.76–6.29) 11.3 0.60 1.50 34.8 1701
Male  2746 7.10 493 19.2(15.8–23.4) 42.2 0.90 3.90 926 2016
Female  3663 13.0 53.8 1.62(1.43–1.83) 3.2 0.50 1.10 2.60 309
Smoking  status
Non-smoker 5259 0.09 29.4 1.38(1.25–1.52) 2.61 0.50 1.00 2.30 34.2
Smoker  1150 12.8 1142 817(750–891) 990 585 1047 1621 2472
a Newly added chemicals in 2nd stage.
b >40% of samples were below the LOD, the percentile distribution is reported but GM was not calculated.
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n cadmium level might be attributable to reduced rice consump-
ion and the rise of western dietary habits. But further research
nvolving dietary survey is needed to draw a conclusive link.
When it comes to heavy metal concentrations, males tend to
ave higher levels in blood samples, while females tend to show
igher levels in urines. This gender difference goes in tandem with
xisting ﬁnding from various international data (CDC, 2015; Health
anada, 2015).
.2. Organic chemicals
Table 5 summarizes the levels of organic chemicals among the
articipating subjects. The levels of VOCs metabolites were gen-
rally lower than those reported in the ﬁrst stage survey, with
he exception of urinary t,t-muconic acid, a metabolite of ben-
ene. The GM of urinary t,t-muconic acid concentrations was
8.8 g/L. The concentrations among male and female samples
ere 68.8 g/L and 50.4 g/L, respectively. Smokers (103 g/L)
xhibited two times greater levels compared to the nonsmok-
rs (50.4 g/L). The concentrations of urinary t,t-muconic acid
mong Korean adults were very low, compared to the United States
NHANES 2011–2012), yet similar to the Canadian level (CHMS
012–2013) (CDC, 2015; Health Canada, 2015). Nevertheless, both
OCs metabolites and t,t-muconic acid have their own limitations;
he VOCs metabolites are hard to be differentiated from other
etabolites and t,t-muconic acid—albeit having relatively higher
ssessment capacity—is not the most efﬁcient measure for the
ow-exposure population as it can be produced by common food
reservatives (sorbic acid) instead of benzene (Janasik et al., 2008).
The GM of urinary 1-hydroxypynere concentrations, a metabo-
ite of pyrene, has slightly increased compared to its ﬁrst-
tage level. Urinary 2-naphthol, 1-hydrophenanthrene and 2-
ydroxyﬂuorene concentrations were less than or equal to the
evels observed in the United States (NHANES 2011–2012) and
anada (CHMS 2012–2013) (CDC, 2015; Health Canada, 2015). The
M of urinary 1-hydroxypyrene concentrations was 0.151 g/L,
ith the male and female concentrations being 0.177 g/L and
.129 g/L respectively. The GM of 1-hydroxypyrene concentra-
ions in the urines of smokers (0.265 g/L) was about twice as high
s that of the nonsmokers (0.129 g/L) (Sul et al., 2012).
The exposure to all ﬁve phthalate metabolites examined was
igher among female samples, while its overall level had declined
ince the ﬁrst stage survey. The GM of MEHHP and MEOHP, i.e.,
wo DEHP (Di-2-ethylhexyl phthalate) metabolites, was recorded
t 29.6 g/L, again lower than previous stage survey and the Ger-
an  HBM-I level (750 g/L).
Major phthalates such as DEHP, BBP, and DBP have been banned
n cosmetics. The sum of these phthalates in cosmetics is regulated
nder 100 g/g (Korean Ministry of Government Legislation, 2005,
013). Since 2010, these three phthalates (DEHP, DBP, and BBP)
as been regulated by the Toxic Chemicals Controls Act, Ministry
f Food and Drug Safety prohibited its use in food storage products
Korean Ministry of Government Legislation, 2010, 2011). These
egulatory changes may  account for overall decrease in the level of
hthalate.
The GM of urinary BPA concentrations among Korean adults
as increased by 1.5 times compared to the ﬁrst stage sur-
ey, but its level is still lower than that of the United States
NHANES 2011–2012) and Canada (CHMS 2012–2013) (CDC, 2015;
ealth Canada, 2015). The observed level is well below the HBM-
 level (200 g/L, HBM-I level). A known endocrine disruptor, BPA
Bisphenol-A) is utilized in an array of industries ranging from food,Please cite this article in press as: Choi, W.,  et al., Expo
updates from the second Korean National Environmental Healt
http://dx.doi.org/10.1016/j.ijheh.2016.10.002
aminated packaging to thermal papers and industrial materials.
oth manufacturing and import of baby products (i.e. baby bot-
les and baby nipples) that contain BPA are prohibited. However,
his chemical can be used at the level below 0.6 ppm in canned PRESS
d Environmental Health xxx (2016) xxx–xxx
products (Korean Ministry of Government Legislation, 2011). The
consumption of canned products has slightly increased (from 42.9%
in the ﬁrst stage to 48.7% in the second stage survey), which may  in
part explain the observed increase in urinary BPA levels (National
Institute of Environmental Research, 2014b).
The proportion of urinary triclosan concentrations that exceed
MDL  was 42.2%, therefore we  could not calculate GM. Triclosan’s
95 percentile concentrations among the Korean subjects (48 g/L)
were lower than that of the United States (472 g/L) (CDC, 2015).
But the use of household items that may  include triclosan is
expected to increase, biomonitoring of triclosan is deemed essential
in the next round surveys.
The GM of urinary 3-PBA concentrations, a pyrethroid metabo-
lite, was 1.41 g/L, being similar to the ﬁrst stage result, but was
three times higher than that among American counterparts aged
20–60 (NHANES 2009–2010) (, 2015). The reasons for high lev-
els of the pyrethroid metabolite are not clear, and warrant further
investigations.
Urinary cotinine concentrations related to ﬁrst- and second-
hand smoking decreased by more than two  times, from the GM
of 11.3 g/L to 5.5 g/L. The questionnaire responses showed that
the level of ﬁrst-hand smoking has decreased from 22.5% of the ﬁrst
stage survey to 17.9% of the second stage survey, and the second-
hand smoking has decreased from 21.3% to 15.2%. In addition, the
urinary cotinine among non-smokers has decreased from 2.61 g/L
to 1.38 g/L, with the increase of the non-smoking rate (from 60.5%
in the 1st result to 65.8% in the 2nd result). (National Institute of
Environmental Research, 2014b).
In Korea, according to the National Health Promotion Law
enacted in 1995, smoking restriction policies such as non-smoking
zone designation, tobacco advertising restrictions and warning, and
cigarette vending machines regulation were implemented. This
law was  even more strengthened in 2010 and in 2012, by levy-
ing ﬁnes, and expanding no-smoking area into more facilities of
public use. These policy developments may  in part account for this
decrease, although further conﬁrmation should follow (Park et al.,
2015, 2016a,b).
4. Conclusion
The second stage survey results show that the levels of several
environmental chemicals are still high compared to other countries,
while those of others have decreased. Some policy efforts appear to
be at least in part effective on mitigating chemical exposure among
people, e.g., urinary phthalate metabolites and cotinine. However, it
is too early to conﬁrm that the exposures were reduced, and imple-
mentation of environmental health policies can account for these
changes. With the results of the third stage survey (2015–2017)
which is currently underway starting from August 2015, we will
have clearer ideas on the exposure proﬁles and the inﬂuences of
environmental health policy measures on the chemical exposure
among Korean populations. In the future study, we will conduct
in-depth assessment to identify vulnerable groups and important
exposure pathways.
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